In vitro polyploidy induction offers the possibility of quick multiplication over in vivo methods, and is therefore particularly interesting for slowly growing plants. Three different in vitro protocols for the induction of tetraploid Rhododendron simsii hybrids were evaluated. The most successful technique was a daily application of mitotic poison on the apical meristem of seedlings. However, this technique was quite labour intensive. Direct sowing on media enriched with antimitotic agents requires less work but is less efficient. To induce ploidy chimeras starting from an existing genotype, mitotic inhibitors can be added to multiplication media. Abbreviations COL (colchicine), DAPI (4,6-diamidino-2-phenylindol), LSD (least significant difference), ORY (oryzalin), PAR (photosynthetic active radiation), TRI (trifluralin)
Introduction
A large group of botanical ornamental (orchids, lily, Gladiolus…) and other species (wheat, cotton, Malus, Fragaria…) relate an enhanced ploidy level to improved morphological properties, like larger flowers or faster growth. The effects of polyploidisation on the habitus of Rhododendron simsii need to be studied; at first, an efficient chromosome doubling procedure needs to be established, allowing rapid multiplication of the (eventually) obtained polyploid genotypes. Although polyploidy research has been performed within the Rhododendron genus (Kehr, 1986; Vanoverschelde, 1989) , the possible interest of polyploids in azalea breeding is s till unknown since all available cultivars are diploid (Heursel and De Roo, 1981, De Schepper, 2001) . The optimum ploidy level could not be determined so far.
Materials and methods

General material and methods
The basal medium was Anderson's Rhododendron medium (Anderson, 1980) enriched with 20 g/l sucrose and 7 g/l MC29 agar. Plant material was sterilised in a 10% commercial bleach (NaOCl) solution, after rinsing with 70 % ethanol, and rinsed afterwards with autoclaved water. The in vitro containers used were petri dishes (φ = 5 cm) that were sealed using low density polyethylene foil and put in a climate chamber (16h light/8h dark regime) under 22 ± 2 °C and light intensities of 40 µM m -2 s -1 PAR, supplied by 'cool white' lamps (OSRAM L36W/31).
Mitotic inhibitors
Many research has been performed on chromosome doubling with colchicine (Rao and Suprasana, 1996) . Alternative molecules, with a similar mode of action, are the herbicides oryzalin and trifluralin (Hansen and Andersen, 1996; Vaughn and Lehnen, 1991) . Like colchicine, these compounds inhibit the formation of the spindle axis along which chromosomes are separated during the anaphase. Although DNA is replicated, no new cell wall is created, causing a doubled DNA level in the nucleus. These herbicides are used in 100-fold less concentrations than colchicine; moreover, they are more effective in several crops (Morejohn et al., 1987) .
Treatment of in vitro seedlings
Azalea seeds ('Nina' x 'Dogwood') were sown on Anderson-based medium; after 3 weeks cotyledons had emerged and seedlings were treated. A colchicine, oryzalin or trifluralin solution was transferred between the cotyledons daily during either 3 or 7 days. COL, ORY and TRI were diluted to 0.01% and 0.05% (herbicides) and 0.05% and 0.25% (colchicine); DMSO (0.5%) and a (commercially available) detergent (0.05%) were added; the detergent "wets" the cells surface while DMSO increases cell permeability, thus jointly increasing the effectiveness of the solution (Kehr, 1996) . P er treatment 100 (lowest concentration of each agent, 3 days application) or 25 seeds (all other treatments) were sown.
Direct sowing on induction medium
Azalea seeds ('Nina' x 'Dogwood') were sown on Anderson-based medium enriched with 0, 0.3, 1, 3 or 10 µM TRI or ORY. 25 Seeds were sown per treatment. After 12 weeks, the seedlings were tested flow cytometrically.
2.5. Application of mitosis inhibitors in multiplication medium 'Laura Ashley' and 'Mme Troch' were multiplied on BM + 5mg/l 2iP + 0, 0.5, 1, 2, 5 or 10 µM ORY (18 explants/treatment). After 12 weeks, the formation of new shoots was evaluated. These shoots were tested flow cytometrically.
2.6. Ploidy analysis Generally, the first leaves that developed from either treatment were tested flow cytometrically using a Partec PAS III. Leaf samples were taken from a diploid standard and from the regenerated plants. Discs of 5 mm diameter were punched out of the youngest leaves. The sample was chopped with a sharp razor blade in 250 µl buffer solution, containing 0.1 M citric acid and 0.5 % Tween 20 (pH ± 2.5) for the isolation of the nuclei. The chopped sample was passed through a nylon filter of 100 µm mesh size. Afterwards, 500 µl of the second buffer, containing 0.4 M Na 2 HPO 4 and 2 mg/l DAPI (pH ± 8.5) was passed through the filter for staining. The mixture of the two buffers gave pH ± 7, which is optimal for the staining with DAPI.
Statistical analysis
Where appropriate, statistical analysis was performed on data using SPSS 10.1, determining the LSD (95%).
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Results
Treatment of in vitro seedlings
As shown in Table 1 , increasing concentrations of colchicine, oryzalin and trifluralin cause a higher death rate among the seedlings. Colchicine appears to be significantly less toxic then both herbicides. However, only oryzalin and trifluralin were able to induce tetraploidy or ploidy chimeras. An increase in the duration of the treatment is less toxic than an increase in the concentration of the mitotic agent applied.
All tetraploids and most chimeras were obtained through a 3-day treatment with 0.01% ORY or TRI. Figure 1 shows typical flow cytometrical patterns of a diploid, tetraploid and chimerical (2n = 2x/4x) Rhododendron simsii plantlet.
Direct sowing on induction medium
Results are represented in Table 2 . Only 1 ploidy chimera and 1 tetraploid were induced. Colchicine was not used due to its lower efficiency in the previous experiment. Germination was not significantly inhibited by either treatment.
Application of mitosis inhibitors in multiplication medium
There was a significant negative correlation between the ORY concentration in the multiplication medium and the number of new shoots developed. This correlation is more striking in 'Madame Troch' than in 'Laura Ashley'. Many of the shoots induced showed severe growth retardation and could not be tested. None of the ORY concentrations applied was able to induce a fully tetraploid new shoot, however chimeras did develop (Table 3) .
Discussion
Based on the results from Tables 1,2 and 3 we can conclude that the treatment of in vitro seedlings is the most effective way to induce tetraploidy in azalea in vitro. However, compared to the 'direct sowing' method it is more labour consuming. Moreover, both of these methods attempt to induce polyploidy from an 'unknown' genotype (a seedling). It would be more interesting to induce polyploidy starting from a commercially available cultivar; not only would this allow a better comparison between diploid and tetraploid, but t he tetraploid would also have a greater chance of being of commercial value (since it can be expected to inherit many beneficial characteristics from the original diploid).
However, no tetraploids could be developed on simple multiplication medium enriched with ORY. Possibly some tetraploid shoots did develop, but were inhibited by more vigorous diploid seedlings. Since ploidy chimeras developed, it was clear that ORY doubled the chromosome content of some cells.
Ploidy chimeras (2x/4x) find their origin in more than one cell. At least one of the original cells was diploid, at least one was tetraploid. The number of chimeras provides a good indication of the efficiency of the treatments. As was already clear, the 'direct sowing' method is not efficient. Both other treatments induce the development of a larger group of chimeras than of tetraploids. In treatment 1, chimerical tissue develops from meristem cells; in treatment 3 from stem tissue.
Morphologically, most chimeras and tetraploids are not different f rom common diploids. A visual separation (or even a rough selection) is therefore not possible. However, one single tetraploid (out of 7) was obtained that showed an altered habitus: its leafs were smaller and rounder and the plantlet grew more slowly than a diploid one (Fig.  2) . This habitus remained stable in the greenhouse. 
